The public health risk and economic impact are often attributed to dampness of indoor air and mold exposure. People exposed to molds in their indoor environment complain about cold-and flulike symptoms, irritation and inflammation in the upper and lower airways, headache, tiredness and 
exacerbation of asthma 1) . National Institute of Occupational Safety and Health (NIOSH) study 2) reported that excessive respiratory symptoms and physician-diagnosed asthma occurred among occupants in an office building that was subject to water incursions. An examination of the literature covering dampness and mold in schools, offices, homes and institutional buildings suggests that approximately 4.6 million cases out of 21.8 million reported asthma in the USA are attributable to dampness and mold exposure 1) . There are rapidly growing number of scientific literature examining the relationship between dampness and mold. Reviews by expert groups in Europe 3) and USA 4) draw similar conclusions: i) There is sufficient scientific evidence to conclude that there is an association between dampness and mold in buildings and increased risk of adverse health effects of building occupants.
ii) The most common health effects appear to be associated with the respiratory system, although a much broader array of health outcomes has been reported. To date, insufficient evidence exists for other sometimes disparate health conditions (airflow obstruction, mucous membrane irritation, chronic obstructive pulmonary disease, pulmonary hemorrhage, neurologic effects, and cancer).
The black mold Stachybotrys chartarum is a saprophytic fungus that grows on cellulosic building materials including wallboard, ceiling tiles, and cardboard [5] [6] [7] [8] . It has been postulated that buildingrelated S. chartarum, its trichothecene mycotoxins, or other byproducts are possible etiologic contributors to debilitating respiratory illnesses [9] [10] [11] [12] [13] as well as immune dysfunction 14) and cognitive impairment 15) . The aforementioned IOM report 4) suggested, however, that while in vitro and in vivo research on S. chartarum suggest that adverse effects in humans are indeed "biologically plausible,"
establishing a clear association with building-related illnesses will require rigorous study from the perspectives of mechanisms, dose-response and exposure assessment.
The trichothecene mycotoxins comprise more than 200 structurally related sesquiterpenoid metabolites and are produced by Fusarium, Stachybotrys, Myrothecium, and other molds 16) .
Trichothecenes have in common a 9, 10 double bond, and a 12, 13 epoxide group, but extensive variation exists relative to ring oxygenation patterns. The Type D or "macrocyclic" trichothecenes, which have a cyclic diester or triester ring linking C-4 to C-15 (e.g., satratoxins or roridins), are produced by Stachybotrys and Myrothecium. Macrocyclic trichothecenes occur in the outer plasmalemma surface and the inner wall layers of fungal conidiospores 17) . Dry spores are readily aerosolized and have a respirable mean aerodynamic diameter of approximately 5 µm 18, 19) . In addition, nonviable, fine (≤ 1 µm in diameter) airborne particulates can also contain trichothecenes 20) . Thus, human exposure to these toxins is indeed possible.
Nasal anatomy and target of toxicity
The nose is a complex organ in the upper respiratory tract and site of entry for inhaled air in the respiratory system of mammals. The nasal passages have been described as an efficient "scrubbing tower" for the respiratory tract because it effectively absorbs water-soluble and reactive gases and vapors, traps inhaled particles, and metabolizes airborne xenobiotics 21) . Chemical-induced toxicity was found to occur in diverse regions of the nose. Five morphologically and functionally distinct epithelia line the mammalian nasal passages-olfactory, respiratory, squamous, transitional and Mycotoxins 54 lymphoepithelial-and each nasal epithelium may be injured by an inhaled toxicant 21) . The nasal airway is divided into two passages by the nasal septum. Each nasal passage of the main chamber is defined by a lateral wall, a septal wall, a roof, and a floor. The lumen of the main chamber is lined by wellvascularized and innervated mucous membranes that are covered by a continuous layer of mucus.
Turbinates, bony structures lined by the well-vascularized mucosal tissue, project into the airway lumen from the lateral walls into the main chamber of the nose. Nasal turbinates increase the inner surface area of the nose, which is important in the filtering, humidification, and warming of the inspired air. The highly complex shape of the ethmoturbinates, lined predominantly by olfactory neuroepithelium, in the distal half of the nasal cavity of small laboratory animals is suitably designed for acute olfaction. Differences in the complexity of the gross turbinate structure throughout the nasal airway of the adult laboratory mouse are illustrated in Fig. 1 .
Materials and methods

Toxins
Laboratory animals and intranasal instillation Mice were maintained under humane conditions according to National Institutes of Health guidelines (Institute of Laboratory Animal
Resources 1996) as overseen by the All University Committee on Animal Use and Care at Michigan State University. Pathogen-free female C57Bl/6 mice (7-8 weeks of age; Charles River, Portage, MI)
were randomly assigned to experimental groups (n=5-6) and housed in polycarbonate cages containing Cell-Sorb Plus bedding (A & W Products, Cincinnati, OH) covered with filter bonnets and provided free access to food and water. Room lights were set on a 12 hr light/dark cycle, and temperature and relative humidity were maintained between 21 and 24 ºC and 40 and 55 %, respectively.
For each experiment, mice were anesthetized with 4 % halothane and 96 % oxygen and then instilled intranasally at 50 µL/mouse with SG or other trichothecenes dissolved in a vehicle of pyrogen-free saline (Abbott Laboratories, Abbott Park, IL) or with the vehicle alone.
Animal necropsies and tissue processing for light microscopic examination For
histopathology and morphometry, mice were deeply anesthetized via intraperitoneal (ip) injection of 0.1 mL of 12 % sodium pentobarbital in saline at designated times postinstillation (PI), from 6 hr to 28 days, and killed via exsanguination by cutting the abdominal aorta or renal arteries. Heads from each mouse were immediately removed, and 1 mL of 10 % neutral buffered formalin (Fisher Scientific Co., Fairlawn, NJ) was flushed retrograde through the nasopharyngeal meatus. After the lower jaw, skin, muscles, eyes, and dorsal cranium were removed, the head with brain intact was immersed and stored in a large volume of the fixative for at least 48 hr before further tissue processing. Lungs were also removed and intratracheally perfused with formalin fixative at a constant pressure of 30 cm of water for approximately 1 hr and then similarly immersed and stored for a minimum 48 hr. After fixation, transverse tissue blocks from the head and left lung lobe of these mice were selected for light microscopy as previously described 24) . Before sectioning, the heads were decalcified in 13 % formic acid for 7 days and then rinsed in tap water for at least 4 hr. The nasal cavity of each mouse Mycotoxins 56 was transversely sectioned at four specific anatomic locations, designated T1-T4 25, 26) . The most proximal nasal section was taken immediately posterior to the upper incisor teeth (proximal, T1); the middle section was taken at the level of the incisive papilla of the hard palate (middle, T2); the third nasal section was taken at the level of the second palatal ridge (T3); and the most distal nasal section (T4) was taken at the level of the intersection of the hard and soft palate and through the proximal portion of the olfactory bulb (OB) of the brain (Fig. 1) . Tissue blocks were embedded in paraffin, and the anterior face of each block was sectioned at a thickness of 5 µm, and stained with hematoxylin and eosin (H&E).
Immunohistochemistry
Unstained and hydrated paraffin sections from nasal blocks T3 and T4
were incubated first with a nonspecific protein-blocking solution containing normal sera (Vector Laboratories Inc., Burlingame, CA) and then with specific dilutions of primary polyclonal antibodies directed against activated caspase-3 (1:100, rabbit anti-caspase-3 antibody; Abcam, Inc., Cambridge, MA), olfactory marker protein (OMP; 1:4,000, goat anti-OMP antibody, provided by F. Margolis, University of Maryland), or infiltrating neutrophils (1:600, rabbit anti-rat neutrophil antibody, provided by R. Roth, Michigan State University). Tissue sections used for caspase-3 or OMP detection were pretreated before the blocking solution with 3 % hydrogen peroxide in methanol to destroy endogenous peroxidase. With these tissue sections, the primary antibody was followed by the secondary antibody, biotinylated anti-species IgG. Immunoreactivity of caspase-3 and OMP was visualized with Vector R.T.U. Elite ABC-Peroxidase Reagent followed by Nova Red (Vector Laboratories Inc.) as the chromagen. Anti-neutrophil antibody treatment was followed by biotinylated anti-rabbit IgG, and then streptavidin-phosphatase complex (KPL laboratories, Gaithersburg, MD)
and Vector red as the chromagen. After immunohistochemistry, slides were lightly counterstained with hematoxylin.
Light microscopic morphometry
Thickness of the OE lining the medial surface of the second ethmoid turbinates (2E) in T3 ( Fig. 1) was morphometrically evaluated as previously described for airway epithelium [27] [28] [29] [30] .
Ultrastructural examination of the olfactory mucosa and OB via transmission electron microscopy
Mice designated for transmission electron microscopy (TEM) analysis were anesthetized with an ip injection of 0.1 mL 12 % pentobarbital containing 1 IU heparin. Immediately after anesthesia, the whole body received an intravascular perfusion via the left heart with a saline solution containing 10 IU heparin for 2-3 min, followed by a 7-10 min perfusion with 4 % glutaraldehyde fixative solution (Ted Pella, Inc., Redding, CA). The nasal cavity and brain were then removed and stored in the fixative until TEM processing after the nasal cavity was decalcified with 10 % EDTA for 3-4 weeks; selected tissues from ethmoid turbinates and OB were postfixed in 1 % phosphate-buffered osmium tetroxide, dehydrated through a graded series of ethanol and propylene oxide, and embedded in Poly/Bed-Araldite resin (Polysciences, Inc., Warrington, PA). Sections (1 µm) were cut and stained with toluidine blue for light microscopic identification of tissue sites for TEM. Ultrathin tissue sections for TEM were cut at approximately 75 nm with a diamond knife, mounted on copper grids, and stained with lead citrate and uranyl acetate. Sectioning was done with an LKB Ultratome III (LKB Instruments, Inc., Rockville, MD). Ultrastructural tissue examination and photography were performed with a JEOL JEM 100CXII electron microscope (JEOL Ltd., Tokyo, Japan).
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Real-time polymerase chain reaction
Mice used for polymerase chain reaction (PCR)
analyses of nasal and brain tissues were anesthetized and killed at designated times after SG instillation as described above. Immediately after death, the head of each mouse was removed from the carcass; after the skin, muscles, eyes, and lower jaw were removed from the head, the nasal airways were opened by splitting the nose in a sagittal plane adjacent to the midline. The nasal septum was removed, thereby exposing the nasal turbinates projecting from the lateral wall of each nasal passage (Fig. 1) . Using a dissecting microscope and ophthalmic surgical instruments, all ethmoid turbinates and the OB were dissected from both nasal passages and brain, respectively.
These excised tissues were stored in RNAlater (Ambion Inc., Austin, TX) within 5 min, and RNA was isolated using RNeasy Protect Mini kit (Qiagen Inc., Valencia, CA) within 7 days. Absence of RNA .
Statistics
All data were analyzed with SigmaStat (version 3.1; Jandel Scientific, San Rafael, CA) with the criterion for significance set at p < 0.05. Morphometric and RT-PCR data were statistically analyzed using one-way analysis of variance with Student-Newman-Keuls posttest. Data from histopathologic severity scores of SG-induced lesions were analyzed using the Mann Whitney rank sum test (nonparametric test) with Bonferroni correction for multiple comparisons.
Results and discussion
Light microscopic observation showed that mice exposed to SG [500 µg/kg body weight (bw)]
and sacrificed at 1, 3, 7 or 28 days PI had epithelial and inflammatory lesions. Epithelial lesions, which were characterized by the apoptotic death of OSNs in the OE of the ethmoid turbinates (T1-T4).
Inflammatory lesions, which were characterized by the presence of mucosubstances, filled with neutrophils in the airways. These lesions were not apparent in the nasal cavity of saline vehicletreated controls. SG-related alterations were neither present in regions of the nasal airways lined by other nasal epithelial types, including respiratory, transitional, or squamous epithelium, nor found in the lungs of exposed mice. In addition, mice that were sacrificed only 6 hr PI had no exposure-related lesions in their nasal cavities. SG-induced OSN apoptosis appeared at 1 day PI but at later time the OSNs cells were completely depleted from the epithelium causing severe atrophy of the OE. The maximum atrophy was observed at 3 days PI (50 % reduction) and thickness of the OE was partially recovered at 7 days PI but the recovery was not complete even at 28 days PI. SG-induced nasal epithelial lesions were undetectable in the most proximal regions of the nasal passages (T1).
Interestingly, the OE lining the dorsal medial meatus throughout the nasal passages (T1-T4) had no SG also recruited lesser numbers of infiltrating neutrophils widely scattered in lamina propria of the SG-altered olfactory mucosa. Consistent with leukocyte influx, a markedly increased expression of mRNAs for the cytokines TNF-, IL-1 , IL-1 , and IL-6 as well as the chemokine MIP-2 associated with acute inflammatory cell infiltration was observed in the microdissected ethmoid turbinates.
Elevated MIP-2, TNF-, and IL-6 mRNA expression was also observed in the OB. Remarkably, there were mild, widely scattered infiltrations of neutrophils in the remaining olfactory nerve bundles penetrating the bony cribiform plate that separates the nasal cavity and OB of the brain. These infiltrations extended bilaterally into the atrophic olfactory nerve and glomerular layers of the OB at 7 days PI. Ultrastructural examination revealed that the infiltrating neutrophils were closely associated with focal areas of degeneration and loss of OSN axons in both of these outer layers of the OB. A few isolated neutrophils were even detected in the deeper external plexiform layer, although no neuronal damage was evident in this or other areas of the OB of SG-exposed mice.
RA, another macrocyclic trichothecene, also induced similar lesions like SG in nasal compartments though the degree of RA-induced lesions about 10 times less severe than SG. The kinetic studies of pro-apoptotic and inflammatory genes showed that RA-induced pro-inflammatory genes appeared prior to the appearance of apoptotic genes. It also induced neutrophilic rhinitis and mild encephalitis.
From our results, several urgent questions emerges: i) why SG and RA specifically targeted to kill only OSN in the nasal cavity? ii) is there any association of receptor binding to the toxin-induced OSN death? iii) is the amount of toxin we used in animal scientifically feasible to be inhaled by stachybotryscontaminated occupants? iv) is human more sensitive to stachybotrys or its toxins than animal?
